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OFF-GRID, ZERO NET ENERGY

TINY HOMES
by Alana Siegner

Reducing the energy consumption and carbon footprint of residential buildings
is a key to achieving carbon emissions reduction targets and limiting global
temperature rise to 1.5 degrees Celsius, the target set forth in 2015 at the UN
COP21 climate summit in Paris. Sustainable and green building markets are
gaining momentum as part of the effort to reduce carbon emissions associated
with building energy use and construction materials. California especially is a
leader in the green building movement, with policies in place requiring energy
savings and water conservation for all new construction. The California Energy
Commission announced in 2015 the goal that all new residential construction will
be zero net energy by 2020. In order to achieve this goal, early adopters must
pilot energy effciency, energy generation and storage technologies to promote
further innovations and improvements to make these technologies available for
more widespread use.
The Sacramento Municipal Utility District Tiny House Competition, held in October
2016, is one example of a publicly-owned utility doing its part to promote
energy effciency and zero net energy construction. The competition organizers
hosted eight California college and university teams at the frst competition,
showcasing off-grid energy technologies that generate as much or more energy
than the house users consume. Many of the homes featured rooftop solar panels,
innovative battery storage options (like the Tesla Powerwall lithium-ion battery
and saltwater batteries), water recycling, and energy-saving appliances. The UC
Berkeley Tiny House in My Backyard team (THIMBY) incorporated sustainable
materials into their home construction such as cork and denim insulation,
reclaimed cedar siding, and environmentally friendly waterproofng layers. The
team calculated their carbon emissions savings over a 20-year lifespan as 100 tons
CO2e (carbon dioxide equivalents), compared to average residential electricity
and gas consumption. The house is fossil fuel free, meaning no fossil fuels are
combusted for providing electricity, cooking, or space/water heating.
The tiny house movement is taking off across the country- as exemplifed by
popular TV shows like HGTV’s Tiny House Nation, and Netfix documentaries like
Tiny. There are tiny house communities cropping up in Portland, OR; Spur, TX; and
Santa Rosa, CA where they are being promoted as an affordable housing solution.
At the community scale, off-grid tiny houses can realize their highest potential
to generate and store energy, recycle and treat greywater, and function as
autonomous living units that simultaneously take advantage of shared community
spaces and resources. Tiny houses exemplify trends in sustainable living because
of their smaller building footprint, reduction in user’s “conspicuous consumption,”
and lower energy and water demands. They are a great example of living
lightly on the earth, respecting climate change realities and adapting residential
behaviors accordingly.
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OFF-GRID, ZERO NET ENERGY TINY HOMES
RESOURCES
Tiny House in My Backyard (THIMBY)- Website for THIMBY project where
blogs, videos, and project updates are posted.
>> www.calthimby.org
Sacramento Municipal Utility District (SMUD) Tiny House Competition- This
local utility organized the frst CA tiny house competition, modeled on the
Solar Decathlon event, to showcase energy effciency technologies and
sustainable living innovations to a crowd of 20,000 people in October 2016.
>> https://www.smud.org/en/about-smud/environment/renewable-energy/
tiny-house-competition.htm
Solar Decathlon- Department of Energy sponsored green building competition
for colleges and universities across the country. Videos and examples of former
competition winners on website.
>> https://www.solardecathlon.gov/
Tiny House Nation- Site for full episodes and further examples of innovative
tiny house construction.
>> http://www.fyi.tv/shows/tiny-house-nation
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TINY HOMES
In the marshy fatlands of Richmond along the San
Francisco Bay, a team of graduate students from UC
Berkeley is dreaming up an off-grid community of tiny
“eco-homes.” The Tiny House in My Backyard (THIMBY)
team designed and built a 170-square foot tiny house
on a trailer during summer and fall of 2016. They are
now testing the house to see how it works with “offgrid” systems, such as solar panels, a battery, and water
recycling system that mean the house doesn’t have
to be connected to electric and sewer lines like most
houses. If this current house works well, it will be able
to serve as a model for other tiny homes that could
eventually form a community of tiny eco-homes. Before any cities or project developers
take on that kind of project, they have to think about what are the components of a tiny
house that allow it to function off grid; and what are the climate benefts of integrating these
technologies into a small living space.
The tiny house incorporates sustainability criteria into the entire life cycle of the project.
From the materials used during construction to the energy generation that will power
appliances throughout the house’s lifetime, the team considered the embedded carbon
emissions of many options before selecting which ones to include. Embedded carbon
emissions are the amount of carbon containing molecules released to the atmosphere from
the production of certain resources, such as trees for construction lumber or combusting coal
and gas for electricity generation. Carbon molecules like CO2 and CH4 are greenhouse gases
that trap heat and contribute to climate change. To reduce embedded emissions, the tiny
house team selects cork for the exterior insulation, rather than traditional foam insulation.
“Poly-iso” foam is an oil-based product that releases a lot of carbon emissions during
production, while cork bark can be sustainably harvested from the outside of cork trees.
The tree continues to grow and sequester carbon during its lifetime, meaning the cork bark
insulation is actually a carbon-negative building material. No combustion is used for energy
generation from solar panels and battery storage, so there are zero carbon emissions from
powering the house once it is built.
The house produces as much or more energy from its
eight solar panels (2.2 kW max power output) than the
resident consumes while living in the house, and stores
excess generation in a lithium-ion battery. This means
the house is “zero net energy:” energy generated is
greater than or equal to energy consumed. The house
uses energy for space heating, water heating, cooking,
and lighting. Water and space heating are provided
by a super-effcient heat pump, which exchanges heat
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between a working fuid and the ambient air to heat a hot water
tank. The hot water is piped to the shower, sink, and radiant foor
loop (space heating). Several passive technologies also contribute
to space heating- south facing windows allow sunlight to heat the
space during the day, and the high insulation quality of the walls
keeps the heat inside when needed. Opening the windows and
operating a small, low-power fan cool the space during summer.
Compared to average home energy consumption from electricity
and gas, the tiny house saves approximately 100 tons CO2-e
(carbon dioxide equivalent) over a 20-year electric system lifespan.
This is a huge climate beneft from reduced emission of greenhouse
gases.
Water conservation is another important consideration of sustainable housing, especially in
states threatened by drought. The THIMBY house includes an innovative greywater water
treatment scheme, as well as a waterless “composting toilet,” to minimize use of water within
the house. Greywater is defned differently in different places, but for the THIMBY house
means all water besides urine and blackwater: so water from the kitchen sink and shower.
There is no dishwasher or clothes washer in THIMBY, so it is saving water from those uses
compared to traditional homes. The greywater is stored in a tank below the trailer, and when
full it pumps through a planter box and activated carbon fltration loop, then recollects in a
fltered tank where it supplies fltered greywater for plant irrigation and other non-potable
uses. The toilet separates urine, which collects below the trailer and is then donated to
a UC Berkeley lab that uses it for agricultural fertilizer recovery (urine is high in nitrogen,
which plants need to grow). Solid waste is composted using a heat treatment, which kills any
pathogens and allows the waste to be added directly to city compost bins. The house also
collects rainwater from the sloped roof, which can add signifcant amounts of water available
for irrigation and non-potable use, especially during rainy winters like 2016-2017.
Now that you’ve learned more about energy and water technologies used in sustainable tiny
housing projects, we can think about what this means from a climate change perspective if
many more people lived in homes like these. If every home produced fve tons CO2-e less
of carbon emissions per year, how much would we reduce carbon emissions from current
levels? A lot. When you scale up green building technologies to lots of houses and people,
the climate benefts really start to add up. So even by
building “tiny,” you can have a big impact. California is
moving towards building standards that will require all
new residential homes to be zero net energy by 2020, and
many other states are following suit. There are training
programs, internships, and workshops hosted all over the
country on tiny house building and zero net energy design,
which are great career pathways to explore. Green building
technologies like solar panels, water-recycling systems,
batteries, and heat pumps are trends for the future, and
the more we can learn about them now the sooner we can
work and live in a climate-friendly built environment.
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DISCUSSION QUESTIONS
1. Defne “zero net energy” in your own words. How can houses
produce their own energy (think about other options besides solar
panels)?
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________

2. What do you think are the challenges in scaling up tiny house
projects so that they become more common in residential areas?
Would you live in a tiny house (less than 400 square feet)? Why or
why not? What sacrifces or benefts would you face?
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________

3. What are the main climate benefts from building and living in tiny
houses compared to average homes?
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
1
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DISCUSSION QUESTIONS continued
4. Do houses need to be “off grid” to be climate friendly? Why or why
not? What are the benefts of being connected to the electric grid
and sewer system, and what are the cons?
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________

Bonus math question: If there are eight solar panels and the maximum
total power output of the system is 2.2 kW, what is the maximum
power output of each individual panel (in Watts)?
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
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